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Abstract
Delivery of technical documentation of manufacturing facilities is still mandatory for machinery and plant engineers as part of the compliance 
with legal regulations. In addition, current research and development indicate that digital technical documentation can be used as informative 
support for operating staff if contents are provided context-sensitive. Despite the importance and potentials of technical documentation for the 
engineering process, an integration of editorial staff into this process is not state of the art.
In this paper the authors propose a reference implementation for technical documentation developed within the collaborative research project 
Cyber System Connector in order to fill this gap both technically and organizationally. The aim is to redesign technical documentation into a 
service for all participants in product and production development. This new approach is based on a CPS-supported process of creating 
technical documentation and a virtual representation which serves as a platform for knowledge management in machinery and plant 
engineering. The benefits of implementing the proposed documentation strategy along the supply chain of manufacturing facilities are depicted 
by chosen application scenarios.
© 2016 The Authors. Published by Elsevier B.V.
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1. Introduction
The creation of technical documentation in machinery and 
plant engineering not only leads to a tremendous workload for 
editors but proceeds often fragmentary. Technical 
modifications or upgrades arising from product change or other 
optimization or adjustment processes are not documented 
appropriately [1]. In most cases, changes or extensions are 
undocumented or at best added as separate documentation [2]. 
However, in today’s rapidly evolving manufacturing industry, 
the instant provision of accurate information about specific 
plants, sensors or products is in demand. Thus, to guarantee 
topicality, an intelligent automatism for creation and provision 
of technical documentation is essential.
The joint research project CSC aimed at enhancing the 
creation and the use of smart technical documentation taking 
into account the possibilities of a smart factory [3-5]. The so-
called CyberSystemConnector, that forms a CPS with each 
physical plant component, serves as a communication interface 
and contains a virtual representation. This virtual 
representation, based on the data exchange format 
AutomationML, includes all required information about the 
current machinery- or plant-configuration. To enable each 
process owner, concerning supplier and customer of machinery,
to access this information easily, a configurable web interface 
is integrated. Rolling out the CSC technology along the supply 
chain of manufacturing facilities, generates new services and 
business models for all stakeholders. 
© 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Nomenclature
AR Augmented Reality
CAD Computer Aided Design
CMS Content Management System
CPS     Cyber Physical System
CSC Cyber System Connector
CSS Cascading Style Sheets
ERP Enterprise Resource Planning
GUI Graphical User Interface
HMI Human Machine Interface
HTML Hyper Text Markup Language
MQTT Message Queue Telemetry Transport
M2M Machine to Machine
QR Quick Response
SOP Standard Operating Procedure
TDaaS Technical Documentation as a Service
UML Unified Modeling Language
XML Extensible Markup Language
XSLT Extensible Stylesheet Language Transformation
2. Motivation & objectives
Future smart factories combine flexible production and 
transparency and bring new requirements for creating, updating 
and providing technical documentation contents. Hence, a 
complete and flawless description including i.ௗe. instructions, 
maintenance procedures or engine drawings is required and 
also legally obligatory in Europe [6]. In addition, an up-to-date 
and accurate documentation is an important factor for the 
quality of planning and performing of maintenance, operation 
and service tasks. To maintain usability, the documentation has 
to be updated continuously throughout the plants lifetime while 
the contents must be provided situation-orientated and 
personalized. Today’s CMS support editors in preparing 
documentation by offering a centralized management of 
modular documentation contents [7]. However, this is still an 
isolated process with mainly manual interfaces to product 
design and production planning departments. Thus, the 
documentation contents need to be structured manually 
referencing all relevant aspects of the current physical 
production environment. Consequently, today’s static 
documentation does not meet these challenges. According to 
the introduced challenges, the project CSC focuses on three 
main objectives [2]:
1. Supporting the initial preparation of technical 
documentation by connecting  editing and engineering
2. Keeping technical documentation up-to-date 
throughout the product lifecycle (Fig. 1) by feedback 
of the real plant
3. Providing documentation context-sensitive based on 
modern information technology
The project’s results offer an opportunity to meet the 
mentioned requirements by implementing modern 
technological achievements into the documentation process. 
The following paragraphs describe this technological 
implementation and illustrate the benefit by presenting selected 
application scenarios and transferring them into future business 
models.
Fig. 1. Up-to-date technical documentation after machine ramp-up
3. CSC architecture
The research project CSC aims at supporting the technical 
documentation process by combining virtual and physical 
components. To achieve this goal, a complex software 
architecture has been implemented within the framework of the 
research project. In this context the user interaction including
the human interface represents the highest layer of the overall 
CSC architecture. The exchange with a central information 
system (underlying layer) via XML documents has to be 
ensured. The user interaction serves the visualization of 
technical documentation content and also enables an active 
integration and control of various employees. Hence, different 
content has to be accessible from the information system which 
will be described in more detail in section 4.
3.1 Dynamic master-slave hierarchy 
In order to consistently provide an up-to-date data base for 
the mentioned information system constantly, a virtual 
representation, which contains all relevant information about 
the plant or machinery, has to be created and updated 
immediately if the configuration of the real system changes. In 
order to keep such a virtual representation up-to-date and to 
meet demands like flexible integration, scalability and real-
time performance, Lenkenhoff HWௗDO developed a suitable 
concept as an event-driven architecture [8]. The 
communication of different components within the CSC
technology leads to a logical so-called dynamic master-slave 
hierarchy of CPS, explained in detail in [8].
Within this hierarchy, the slave components are located 
hierarchically under a master component. Each component 
serves its own technical documentation as described in the next 
paragraph. Slave components communicate their present 
virtual part of the representation to the master component.
Whenever a new component is added in the real plant or 
machinery the system checks whether it has to be integrated 
hierarchically above or below an existing component. This is 
done by rules (e.ௗg. rules of the "complex event processing" [9]) 
that have been defined on a central communication broker. This 
checking procedure takes place for each CPS and allows a 
dynamic construction of an entire virtual plant representation. 
The topicality is ensured via corresponding occurring events so 
that system failures or new CPS can be integrated directly into 
the hierarchy. The dynamic system reacts flexibly to higher-
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level requests due to the event-based view that does not specify 
a component as a direct source. Thus, the more up-to-date
component can answer such requests [8].
3.2 Cyber-physical CSC component
The virtual plant representation is based on the data
exchange format AutomationML [10, 11]. In this XML-based 
exchange format for system data, machinery and plant 
components can be described among themselves and arranged 
hierarchically as complete objects including roles, attributes as 
well as interfaces. The plant components' level of detail can be 
chosen freely. AutomationML serves as an open standard for 
the summary of planning data and thus supports the prevention 
of redundancy and the accelerated access to all crucial data 
[12]. Within the scope of the CSC research project this 
modelling principle is used to identify new plant components 
and to receive the information where these parts must be placed 
in the hierarchy. Fig. 2 focuses on a single CSC component in 
the context of the dynamic master-slave hierarchy. As it can be 
seen on the right side, a CPS requires three essential 
components to be part of the entire virtual plant representation.
Fig. 2. Dynamic master-slave concept (left) and the required components for 
a cyber-physical CSC component (right).
In a data container a topology describing AutomationML 
file of the respective sub-systems is deposited at first. By 
distributing a basic and standardized interface type to various 
AutomationML nodes, one can describe connecting interfaces 
referencing external documents. These external documents 
could be represented by CAD-models, behavior describing data 
or data which include information about the technical
documentation like assembly and maintenance instructions, 
bills of material or safety guidelines.
The master-slave concept introduced above requires a 
persistent processing service for the information which is
stored in the data container. This service will be represented 
through the so-called CSC-Engine. Thereby, this engine deals 
with three general tasks:
1. Initialization of a plant’s and a plant-subsystem’s 
virtual representation
2. Determining and providing information from the 
observed plant or plant-subsystem
3. Modification of the virtual representation in the case 
of real alterations
The CSC-Controller, that overlies the CSC-Engine, is the 
third essential component of a CSC component. It contains the 
algorithms to build the dynamic hierarchy. This MQTT-client 
enables communication with all components in the event-
driven architecture and performs manipulations on the virtual 
sub-systems.
4. UML integration model for user interaction services
The introduced architecture provides an up-to-date 
documentation enriched with process and configuration 
information within the virtual representation. The operator's 
biggest benefits however arise only with the context-sensitive 
provision of the required contents. For access, compliant with 
guidelines and contextual technical documentation from the 
virtual representation, an UML-based data model functions as 
a layer between the AutomationML files and a web application 
which serves as an open interface for several GUIs.
Depending on role, task and experience, each process 
owner needs an individual extract from the technical 
documentation on site by using industrial HMI or mobile 
devices. This extract depicts information structured in a 
specific documentation type (e.ௗg. SOP) in an adequate release 
format for the GUI (e.ௗg. HTML) in a specific corporate style.
High data volume and additional connectors depicting the plant 
structure on several layers cause a confusing complexity in the 
AutomationML format. Consequently, the required 
information is not easily accessible. Therefore, a generic UML-
based data model is implemented in the ice.NET platform of 
PDTec AG. [13-14] 
Fig. 3. Functionality of the UM- integration model.
The data model depicts any machine or plant structure 
abstractly and connects it with the corresponding 
documentation part. These parts include the hierarchy-given 
metadata of the documentation objects as well as 
documentation contents and their display or release format.A
web GUI supports the navigation through the plant structure by 
the graphic representation of the model and visualization of 
documentation extracts (Fig. 3).
While the technology supports standard transformation 
languages and release formats such as XSLT, HTML, pdf and 
CSS, the integration of a service in the form of modern 
information technology, such as smart glasses, smart phones or 
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tablet computers as well as traditional technologies like the 
industrial HMI, is possible.
4.1 Augmented Reality as a service for maintenance and 
operation
AR enables the connection of products or plants with 
digital contents. By using mobile devices, such as tablets or 
smart glasses, information about a plant can be broadcasted and 
visualized allowing access to all available real-time data on 
site. AR supporting maintenance and operation processes leads 
to savings in time and resources and lowers the error rate [15]
[16]. Static release formats or semi static websites with “click 
to continue or step backwards”, such as utility movies, are 
already integrated. AR-functionality brings new requirements 
for the integration model. On the one hand, the component or 
location of interest must be identified and must be traceable by 
the AR-device. On the other hand, the AR-program must be 
stored in the virtual representation and work on the AR-device. 
Currently, two identification technologies are implemented –
the optical scan of QR-markers and the comparison of the 
captured geometry with a reference geometry from the virtual 
representation. Both, QR-scan and capture of the geometry, can 
be performed by the AR-device’s camera. For the integration 
of the AR-program into the virtual representation there are also 
two solutions which are focused on. Ideally, the AR-program 
is translated as far as possible in XML and instantly integrated 
in the AutomationML file with external links to additional 
images and animations. The second possibility is connecting to
a self-contained program as an external link.
4.2 CMS-integration as a service for editors
Today, CMS supports editors in managing editorial 
contents like texts or images i.ௗe. of a website. Publishing 
systems issue these contents which are filed in databases. One 
advantage of CMS is the possibility to handle content and 
layout separately allowing flexibility in access and editing [7].
Additionally, CMS facilitates the process of updating and 
navigating contents and offers a cost-effective way to govern 
data. To support a seamless documentation process, a
connection with the modules of CMS is required. In cyber 
physical production systems, with a completely described 
digital plant structure in real-time, the generic data model with 
interfaces to this structure and the CMS modules enable 
automatized preparation of documentation of manufacturing 
facilities. The acceptance of applying the introduced 
documentation process along the supply chain of machinery 
and plant engineering will be increased accordingly. A possible 
design of a platform for documentation services based on a
standardized way of creating technical documentation and its 
advantages beyond corporate boundaries is described in the 
following paragraphs.
5. Documentation as a service along supply chain
With the previous mentioned CSC architecture the basic
technology for a smart production plant is supported. Changes 
can be detected and sensor data can be processed. However, 
such a basic system cannot yet be used appropriately enough in 
a company because the added values are missing. The 
challenge for a company is to build production plans (like 
production planning and control systems) or measure and use 
optimal resources (like enterprise resource planning (ERP-
systems). Such systems are usually integrated in a so-called 
“automation pyramid” (i.ௗe. the ERP-system is located on the 
management layer). However, a thesis of the engineering 
society (VDI/VDE) reported that the classification in cyber-
physical systems is more difficult due to the systems’
connection with each other. Thus, they cannot be integrated 
clearly in i.ௗe. shop floor, control or management layers [17].
The presented approach follows this point of view in order to
incorporate such added values in the CSC-components directly 
and dissolve the classical automation approach. Therefore, the 
presented approach of the open and flexible service platform at 
hand is a key aspect to build a complete und usable platform 
for technical documentation along the supply chain (TDaaS).
The platform and developed services have to be available along 
the supply chain. Additionally, a special functionality to 
integrate the services has to be provided. This is called 
integration services and includes i.ௗe. the integration of created 
documentation in the CSC architecture, or services to integrate 
sensor functionality in the cyber-physical system and so forth.
Fig 4. Service concept for the technical documentation platform
The services can be differentiated between the data basis 
layer (i.ௗe. creation services), the model (i.ௗe. analysis services), 
the controller (i.ௗe. feedback services) and the view (i.ௗe. 
provision services). This design makes it possible to use 
modular units of the same or underlying layers. The services 
can be developed and used by different companies along the 
supply chain i.ௗe. manufacturers, system integrators, operators 
or technical editors. A service on the TDaaS-platform aims at 
increasing the value of the up-to-date virtual representation 
(CSC Technology) beginning with the base layer. The lowest 
layer is used to create CSC-conform documentation. This can 
be the support along the documentation process on the one hand 
or build special technical documentation like Standard 
Operating Procedures (SOP) on the other hand.
The model layer extracts information and is placed above 
the base layer. With this information it is possible to develop 
analysis services for different sensors or components. This 
means that different components can be monitored and 
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analyzed (i.ௗe. the progression of an axis position with a 
position sensor). In addition, it could be possible to build 
predictive model services for the analyzed components like the 
attrition of an axis. 
With the controller layer feedback, services like 
component failures or manufacturing changes can be 
implemented to improve the engineering process. The 
mentioned service functionalities are not limited and can be 
supplemented along the supply chain. 
6. Application scenarios and business models for a 
documentation as a service approach 
By providing an open and flexible architecture for 
documentation on different levels of detail, the proposed 
documentation as a service solution is able to support a huge 
set of application scenarios. Furthermore it serves as an 
integration platform along typical supply chains of machinery 
and plant engineering enforcing a standardized collaboration of 
component suppliers, system integrators and operators in terms 
of advanced documentation tasks and potentials which are 
exemplarily shown in Fig. 5.
Fig. 5. Application scenarios
For component suppliers technical services and an open 
platform for the standardized documentation and modification 
of component’s lead to significant improvements in existing 
documentation processes. Topicality and accessibility of 
component’s documentation are increased. At the same time 
the underlying architecture eases the composition of conformal 
and complete documentation by central data management and 
adaptation of technical conformance rules. Extra effort for 
handling heterogeneous documentation requirements (e. g. 
translation and providing special documentation types) is 
avoided. In addition, the enrichment of documentation content 
with operational data (e. g. machine characteristic and 
parameters) opens up new engineering perspectives in qualified
component engineering. To construe components based on as-
is workload in operation, environments refine engineering 
requirements and promise big savings in production and quality 
costs in the near future.
System integrators benefit from the documentation as a 
service approach in different ways. A modular and semi-
automated documentation of complex manufacturing systems 
reduces the effort and especially the time spent on 
documentation tasks enabling a quicker and more adaptable 
engineering process in total. Customizing special 
documentation contents and integrating it in the system, the
engineering structure will be a core competence of system 
integrators in terms of documentation in the future. Improving 
the system behavior after start of production is regarded as one 
of the main objectives for operators especially during ramp-up 
phases. The documentation and analysis of these 
manufacturing changes is supposed to be a rich source of 
improvement, even in the initial system engineering procedure. 
The service oriented documentation process will enable a
closer loop from operator to system integrator and therefore 
support the engineering process with structured manufacturing 
information leading to a higher quality in initial system set-up.
In order to support operators of complex manufacturing 
systems in their daily business, the documentation of a service 
approach offers two main potentials for the future. First, service 
applications i.ௗe. for user guidance and maintenance tasks,
especially in combination with modern visualization 
techniques, allow a new, context-specific processing of 
documentation. Operators are provided with the relevant and 
well-shaped piece of information reducing the risk of operation 
errors and violation of operation limits. Second, interfaces
connected to sensors and controls enable an enrichment of 
classical documentation contents with operational data. By 
storing this data on different levels within the documentation 
hierarchy, a lot of subsequent application scenarios, among 
others some of the previously mentioned, are then open for 
access.
By implementing both, the support of documentation tasks 
(especially by improving topicality and context sensitivity) and 
their enrichment (especially by gathering operational data and 
extension of engineering standard formats), the documentation 
as a service approach enhances classical documentation 
concepts by using the technical capabilities of Industry 4.0 
consequently. Beside the listed application, specific potentials 
of the developed documentation and collaboration approach the 
redesign of documentation processes and IT-infrastructure to 
provide documentation as a service and raise questions 
concerning new and innovative business models. These 
business models transform the way of working for traditional 
participants of the documentation market and even produce
new markets, especially for service providers offering 
additional values related to the documentation as a service 
platform.
For editors the efficient classification of components, 
systems and documentation content will become more and 
more important. A modular provision and adaption of 
documentation content as one of their former core tasks plays 
an equally central role in modern IT supported documentation 
concepts. In addition, the cross-functional coordination of 
documentation projects and related data management (e.ௗg. for 
long term archiving of documentation) is supposed to gain 
importance in the future.
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Operators in machinery and plant engineering will be 
extremely valuable in defining the requirements for context-
sensitive documentation. By generating additional value 
through data acquisition and manufacturing feedback, they 
extend their competencies within the value chain. Through 
direct and technically assisted feedback loops, operators’
enforce involvement of employees in the continuous 
improvement processes of technical documentation and 
engineering.
7. Summary and outlook
The joint research project CSC enables the intelligent 
creation and usage of standard-compliant technical 
documentation. The Connector that was developed in this 
project functions as an interface for every integrated system 
component and allows the automatic setup of a virtual plant 
representation. Hence, setting changes, i.ௗe. due to plant 
modifications, are transferred to the virtual representation
throughout the operating time while documentation content
supports shop floor staff. Use cases, implemented at research 
and application partners during the project, serve as a proof of 
concept in production environments and reveal the benefits for
suppliers and customers on site. As described, the
implementation of the proposed documentation strategy along 
the whole supply chain of manufacturing facilities, multiplies 
its benefits and makes them available for more industrial 
branches.
The implementation of the introduced technologies will be 
able to change the awareness for technical documentation 
significantly. On the one hand - from an organizational 
perspective - technical documentation could be changed from 
a discontinuous and mainly manual procedure to an 
engineering accompanying, cross-company process
overcoming traditional functional boundaries. On the other 
hand - from a technical perspective - the documentation based 
on a service platform could be enhanced to a central 
communication and management platform for engineering and 
field data along the supply chain of manufacturing facilities.
Thus, implementing this kind of communication structure 
could lead to a more comprehensive utilization of Industry 4.0 
potentials in machinery and plant engineering. Moreover, it 
can/could be approved as a key enabler for advanced 
application fields in future digitalization approaches.
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